The pathologic and clinical findings in 13 cases of tricuspid atresia and increased pulmonary blood flow encountered in UCLA Medical Center were reviewed. In seven, the great vessels were normally related (group I), and in six, the great vessels were transposed (group II 
Diagnosis was confirmed at cardiac catheterization in 11 cases and at necropsy in six. Tricuspid atresia is herein defined anatomically as that condition in which no tricuspid orifice and usually no recognizable tricuspid valvular tissue are present. Instead of a tricuspid orifice, there is a dimple or localized fibrous thickening in the floor of the right atrium at the expected location of the valve. The clinical diagnosis was based on the following: (a) presence of cyanosis except in those cases with increased flow when it may be mild or absent; (b) presence of cardiomegaly, dyspnea, tachypnea, tachycardia, and hepatomegaly indicative of congestive heart failure; (c) presence of systolic and diastolic murmurs; and (d) electrocardiographic evidence of left ventricular hypertrophy, with relative absence of right ventricular forces and left axis deviation in the frontal plane. The diagnosis can be confirmed at cardiac catheterization if repeated attempts to pass a catheter into the right ventricle are unsuccessful, if the natural course of the catheter is from the right atrium to the left atrium and the left ventricle and if angiography reveals that no contrast material traverses the tricuspid valve into the right ventricle. The following clinical criteria were used to establish the diagnosis of tricuspid atresia with increased pulmonary blood flow: (a) evidence of increased vascularity or pulmonary venous congestion on chest roentgenogram, or both; it is important to realize that the occurrence of pulmonary venous congestion and heart failure in an infant with tricuspid atresia, in whom cardiac catheterization and cineangiography fail to reveal any abnormality of the mitral valve, or additional left-sided lesions affirms the presence of increased pulmonary blood flow; (b) cyanosis which is clinically mild or absent; and (c) cardiac catheterization data indicating increased pulmonary-to-systemic flow ratio (> 1:1) .* If clinical findings and cardiac catheterization established a diagnosis of tricuspid atresia and if in addition the foregoing criteria for increased pulmonary blood flow were all satisfied, then the diagnosis of tricuspid atresia with increased pulmonary blood flow was considered beyond reasonable doubt, and all such cases were included in this study.
These patients were followed for varying periods of time, during the course of which some manifested evidence of a change from increased to decreased pulmonary blood flow. Diagnosis of decreased pulmonary blood flow was based on the following criteria: (a) evidence of a decrease in pulmonary vascularity or venous congestion on several chest roentgenograms, or both, and (b) significant increase in clinical cyanosis as determined by repeated clinical evaluations.
The patients were divided into two groups. Group I consisted of seven patients whose present ages are 2 months to 9 years in whom the relationship of the great vessels was normal. Group II consisted of the remaining six patients, aged 3 days to 10 months in whom the great vessels were transposed. Thirteen-lead electrocardiograms were available for all patients. Frank vectorcardiograms were available in four patients of group I and in one patient of group II. Cube vectorcardiograms were available in only two patients, both of whom were in group I. In those cases in which vectorcardiograms were unavailable, horizontal and frontal plane QRS Cardiomegaly, however, persisted in all cases.
Cardiac Catheterization
Cardiac catheterization was performed in each patient (table 2) . Both right and left atrial pressures were increased in four cases. Right atrial pressure exceeded left atria] pressure to a varying degree (1 to 10 mm) in four cases, and atrial pressures were equal in the remaining case. Calculated pulmonary-tosystemic flow ratio was increased in every case (range, 1.5:1 to 5.8:1). Although the calculation of such flow ratios in this anomaly is subject to considerable error, they are presented as an approximation. Systemic desaturation was present in all cases.
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three and moderate in one patient (table 4) . Calculated pulmonary-to-systemic flow ratio was increased in every case (range, 1.6:1 to 11:1). As in group I cases, the error in such calculation may be great, but the calculation gives an approximation of the degree of increased pulmonary blood flow.
Angiocardiography
The diagnosis was confirmed by angiocardiography in each of the four patients who underwent cardiac catheterization. Following injection of contrast material into the right atrium, the left atrium and left ventricle filled sequentially. No contrast material was seen to enter the area of the right ventricle leaving an unopacified triangular area where this structure is normally situated. With left ventricular contraction, the ascending aorta and pulmonary artery filled, and contrast material could be seen entering a hypoplastic right ventricular chamber through a ventricular septal defect. Left ventricular angiocardiography was performed in all four cases and demonstrated a large chamber from which a markedly dilated pulmonary artery took origin posteriorly. The anteriorly placed small aorta arose from the hypoplastic right ventricle and invariably opacified simultaneously with the pulmonary artery. Angiography from the ascending aorta was performed in three patients in the lateral or left anterior oblique projection and in each case demonstrated coarctation of the descending aorta. Furthermore, in one of these patients, tubular hypoplasia of the ascending aorta was an additional lesion.
Pathologic Anatomy (Table 5) There was one death in group I and six deaths in group II. Necropsy specimens from the single case in group I and five cases in group IL were available for review. In both groups, the interventricular groove was situated to the right of its usual position and divided the anterior cardiac surface into a very small right ventricle and larger left ventricle. In all cases, the right atrium was enlarged, and in one case of group II there was a juxtaposition of the atrial appendages. In the single case of group I, the great vessels were normally related and the coronary artery patterns were normal. In group II cases, the aorta arose from the right ventricle and was situated to the right and anterior to the pulmonary artery in an oblique fashion. The coronary artery pattern was abnormal in all four cases with the right coronary artery arising from the right posterior aortic sinus and the left coronary sinus originating from the left posterior aortic sinus. The anterior aortic sinus was noncoronary.
Size of Ventricles
In all specimens, the right ventricle was hypoplastic and the left ventricle was enlarged. The right ventricular infundibulum was a long narrow structure in all, and in only one (case 2, group I) did it appear restrictive. The left ventricular outflow tract appeared normal in all cases. The left atrium was enlarged in all cases.
Size and Appearance of Semilunar Valves
The pulmonary and aortic valves appeared normal in both groups. In group II cases, the pulmonary valve ring measured 12 to 15 mm in diameter, whereas the aortic valve ring measured 4 to 6 mm in diameter. Thus, the pulmonary valve ring was 2 to 3.7 times the size of the aortic valve ring in all these cases. In the group I case, the aortic and pulmonary valve rings each measured 10 mm in diameter.
A-V Valves
The tricuspid valve was atretic, and the mitral valve appeared dilated in all of our cases.
Septal Defects
In each case, a large atrial septal defect of the secundum type and a small ventricular septal defect were present. The latter defect While the aortic arch was normal in the group I case, aortic arch anomalies were present in all necropsied cases of group II. In two cases, tubular hypoplasia of the aortic arch was associated with preductal coarctation. In two other cases, preductal coarctation alone was encountered, while in the fifth case, complete interruption of the aortic arch was present. A patent ductus arteriosus was present in three cases.
Discussion
Tricuspid atresia has a reported prevalence of 1 (table 1) .
Analysis of the ECG-VCG findings in the two groups of patients also suggests certain differences which may be of help in distinguishing these two entities. The mean electrical axis in the frontal plane in group I cases is more leftward than that usually seen in group II cases. Thus, in all of our group I cases, the frontal axis was -150 to -1000 whereas in four of our six cases of group II, the axis was + 15°to + 75'. In addition, analysis of the vectorcardiographic data obviously reveals that in all cases of normally related great arteries QRS loops were superiorly oriented in the frontal plane. In the cases of tricuspid atresia and transposition of the great vessels, the QRS loop in the frontal plane was usually inferior and leftward oriented. In the horizontal plane, the QRS loop was usually posterior, but in three cases of group I, abnormalities of the initial cardiac vectors were evident. In two of the three cases, the initial cardiac vectors were anterior and rightward with clockwise rotation, whereas in the remaining case, the initial cardiac vector was anterior and leftward with clockwise rotation. Initial cardiac vectors were normal in group II cases. These Crculation, Volume XL, September 1969 changes in the initial vectors have previously been reported to occur in conditions characterized by anomalies of the A-V valves, common ventricle, anomalous left coronary artery, and conditions characterized by overwork and hypertrophy of the left ventricle.25' 26 Thus, in patients with tricuspid atresia and increased pulmonary blood flow, it may be possible to suspect the relationship of the great vessels on the basis of the ECG-VCG findings. As Gamboa and others27 have pointed out however, there may be significant variability in the electrocardiogram of infants with tricuspid atresia and transposition of the great vessels.
The natural history and prognosis of these two groups of patients differ significantly. In our group II patients with transposed vessels, there has been 100% mortality. The significantly better prognosis demonstrated by group I is inconsistent with the findings of Astley and coworkers,19 but in agreement with the report of Edwards.28 As mentioned previously, patients with normally related great vessels may do well clinically during the first several months of life. Infants who do develop chronic congestive heart failure may later show improvement in clinical status associated with decreasing pulmonary blood flow as demonstrated by chest roentgenograms and suggested by disappearance of the apical diastolic murmur. However, pulmonary blood flow may continue to decrease leading to increasing cyanosis and respiratory difficulty as occurred in five patients in group I (table 1). The change in clinical status of group I children is related to decreasing pulmonary blood flow. The nature of the anatomic changes that produce this decrease in pulmonary blood flow has been the subject of some speculation.29 The change in condition may be due to a closing ventricular septal defect or progressive infundibular pulmonary stenosis. A closing ventricular septal defect has been documented by several authors24' [30] [31] [32] and is probably the most common reason for clinical deterioration.
Because the prognosis differs significantly between these two groups of patients, all Circulation, Volume XL, September 1969 patients with tricuspid atresia and increased pulmonary blood flow require early evaluation of the associated cardiovascular anomalies. Since the presence of aortic arch anomalies and transposition of the great vessels alters the prognosis significantly, an attempt must be made to determine the relationship of the great vessels. In those cases in which transposition of the great vessels is encountered, retrograde aortography may be necessary to evaluate the aortic arch.
Surgical intervention seems indicated in two specific situations encountered during the clinical course of this entity. When increasing cyanosis and respiratory difficulty are caused by a decrease in pulmonary blood flow, either an aorticopulmonary or vena caval-pulmonary artery anastomosis should be performed. Recently, use of a balloon catheter for atrial septostomy at the time of cardiac catheterization followed by anastomosis of the ascending aorta to the right pulmonary artery has been successful. 33 In infants with excessive blood flow, refractory congestive heart failure, and recurrent pneumonia, a pulmonary banding procedure may be of help. Despite loss of two of our patients following this procedure, pulmonary artery banding would appear to be the procedure of choice at the present level of our knowledge. Patients in whom aortic arch anomalies are present may require surgical correction of the coarctation to improve their prognosis.
